Résumé. 2014 experiments by a modified Kramers-Krönig analysis. A detailed discussion of the criteria for validity of available theories is given, allowing the determination of the extent to which the cases studied are related to many-body interactions and/or pure resonance forces. The quasistatic theory, in the nearest neighbour approximation, is shown to be valid for interpreting the far wings. Thus it is possible at increasing density, to underline the specific effect of the various kinds of forces : resonance, Van der Waals and repulsive, and to specify the 1u excited state potential which is found weakly attractive for Xe2 and Kr2.
experiments by a modified Kramers-Krönig analysis. A detailed discussion of the criteria for validity of available theories is given, allowing the determination of the extent to which the cases studied are related to many-body interactions and/or pure resonance forces. The quasistatic theory, in the nearest neighbour approximation, is shown to be valid for interpreting the far wings. Thus it is possible at increasing density, to underline the specific effect of the various kinds of forces : resonance, Van 1. Introduction. -While many studies have been devoted to atomic line broadening by collisions with foreign gas, in either the low density or the high density range, few experiments are reported in the field of self-broadening [1] most of them in the low density range.
Such a situation may be explained by both theoretical and experimental difficulties.
From the theoretical point of view, when one tries to interpret the whole profile at high density, the main problem arises from the well-known nonadditive character of the resonant interaction [2] .
Experimental studies of atomic line broadening are restricted, for several reasons, to metallic vapours or rare gases. Pure metallic vapours require high temperatures and high pressures and only mercury has been studied at densities beyond 1 amagat [3] [4] [5] [6] (1). Another more fundamental difficulty lies in the very strong absorption at the line centre of a pure high density gas ( § 5) . Accordingly, transmission measurements cannot yield the whole profile, although the shift may be attained by unusual transmission techniques [10, 11] . Actually, such a strong absorp- ( 1 ) 1 n the case of xenon, 1 amagat == 2.706 7 x 101 Y at CM-3 3 (Ref. [7] ), and in the case of krypton, tion is associated with the so-called selective -or specular -reflection, a phenomenon first observed by Wood [12] , which consists of a coherent diffusion of the incident light at sufficient density of the absorbing medium. The properties of the selective reflection are well-known [13] [14] [15] , in particular, the reflectance of the medium may be expressed as a function of its complex refractive index by Fresnel's formula which, at normal incidence, yields n -ik being the complex refractive index of the absorbing medium and n' the real refractive index of the transparent window of the cell. The index of absorption k is related to the absorption coefficient a by the relation k = Àa/4 Te. But any interpretation of the data requires the knowledge of n and k which have to be deduced from R-data by a mathematical analysis. This is the main difference as compared with direct transmittance measurements.
At normal incidence the method based on KramersKrônig integrals, suitably modifiéd, appears as the only type of mathematical treatment which does not rest on an a priori chosen model. As far as we know, this procedure has never been applied to line broadening studies and R-data have been treated [3, 4, 14] in term of the semi-classical dispersion formulae, based on the harmonic oscillator model (Lorentzian shape for nk).
The present paper reports normal incidence reflectance measurements performed on xenon and krypton at high densities, in the vicinity of their first resonance lines. It has been possible to study experimentally the xenon 'line continuously from the gas phase up to the liquid phase [16] [17] ) and to observe the onset of excitonic phenomena in the dense fluid (appearance density -180 amagat). We will restrict ourselves here to densities below 100 amagat where interpretation in terms of interatomic potentials is possible.
At each density, the whole profile is obtained from R-data by the above mentioned Kramers-Krônig analysis.
Having briefly recalled the main theoretical developments, we discuss their applicability according to the type of force considered, the frequency range and the density range. This allows us to define the extent to which many-body interactions have to be taken into account. Finally, we show that a large part of the profile may be interpreted in the frame of the quasistatic theory (QST) in the nearest neighbour approximation (NNA). Thus [23] , so that measurements in the line centre provide a test of a kind of potential curves rather than an actual determination of these curves [24] [25] [26] [27] .
In the case of a transition with a high oscillator strength f, the effect of forces other than resonance is negligible and the broadening law is given by (2) where N is the deiisity, /11 aiid (1, thé electronie mass and charge respectively ; X is a constant whose value is somewhat dependent upon the various theoretical approaches (Table I) . (*) K function of Nf (from the impact limit to the quasistatic limit).
Low density line centre measurements show a fair agreement with the more recent impact values of K [40] ; the large discrepancies appearing in some cases have been critically reviewed by Exton [41] . (2) ( § 3) and the line centre must be described by taking into account many-body effects. Non-additivity of resonance forces is a major difficulty and the problem has to be tackled in a very general way. Apart from the early work of Holtsmark [42] based on too crude an approximation [43] , various approaches have been tried using either the resolvent method [44] [50] [51] [52] or by a Franck-Condon approach [53, 54] . This procedure leads to a realistic satellite shape without affecting its position noticeably. Another feature of satellite bands is a sharp decrease of intensity beyond the maximum so that, in practice, it is often possible to separate the contribution of the various molecular states involved (see § 5) .
When the différence potential d V (r) is a singlevalued function of r, NNA yields a one-to-one correspondence I (v) H 0 V (r) from which follows a simple and direct method of determination of the différence potential, upon which many recent works are based [55] [56] [57] [58] [59] [60] [61] . The [20] where V is the mean velocity of the atoms. As verified a posteriori in our cases, Van [62] and Sobel'man's [63] works, impact theories apply in the line centre, whereas quasistatic theories ,apply in the wings (see also Gallagher [57] (Fig. 3) . This photometer is attached to a monochromator whose resolution is of the order of 0.04 nm ; the light source is a deuterium lamp emitting a pseudo-continuum.
A typical reflectance curve is presented on figure 4 . Density is accurately determined, from measured pressure and temperature ( ~ ambiant temperature), with the help of the known equations of state (Xe [65] ; Kr [8] ).
KRAMERS-KRÔNIG ANALYSIS. -In order to
obtain the true absorption profile, the analysis of normal incidence reflectance data has to be performed without the preliminary choice of any model. This is allowed in principle by Kramers-Krônig analysis provided the whole reflection spectrum is known. Usually only a restricted spectral range is observed so that the method is always combined with some extrapolation procedure [66, 67] .
Following an idea of Bachrach and Brown [68] , Ahrenkiel [69] has developed a substractive procedure well suited to the analysis of a limited spectral range since it gives a more rapid convergence of the integral in the unobserved part of the spectrum. We have adapted Ahrenkiel (ii) Appearance and development of a far blue wing at intermediate densities. (Table II) . Thus we are inclined to think, at least for these strongly allowed transitions and in the internuclear distance range implied by our experiments (see Tables III and IV) , that no important variation of the transition moment occurs, in agreement with Mulliken's estimation [94] in the case of xenon. We shall therefore, adopt in the following A (r) JA ( oo) =1 (eq. (7)). Mulliken [94, 101] and by Barr et al. [102] respectively. Four Figure 15 gives the results obtained for the 123.5 nm krypton blue wing with the values :
From these values and the result of Barker et al. [76] for the ground state potentials, the potentials for the lu states are easily obtained.
All results are summarized in tables III and IV. 
